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What is Geosoft?What is Geosoft?

• Team of 60+ professionals in 5 countries 
• Established in 1982 
• Software and services company 
• Began with geophysical data processing, 

interpretation and presentation
• Now: mining, petroleum, marine,                 

environmental, government and UXO
• Offer Oasis montaj and partner software, 

customized services, and business solutions



Geosoft OfficesGeosoft Offices

Five offices based in North 
America, South America, 

Europe, Africa and Australia



The UXO ProblemThe UXO Problem



Detecting UXODetecting UXO

Many sources of UXO 
uncertainty:

• Huge areas of land to be 
covered

• Complex processing and 
interpretation

• Geology (clays, massive 
volcanics, etc.)

• Instrument noise

• Targets – need to know 
location, type & depth



The Solution: GeophysicsThe Solution: Geophysics



Welcome to Geophysics 101Welcome to Geophysics 101



Initial Method: “Initial Method: “MagMag & Flag”& Flag”

• Hand-held metal detector 
(magnetometer)

• Instrument detects an 
anomaly (beeps)

• Small flag is placed in ground

• Benefits: covers areas which 
are difficult to traverse; good 
for small areas

• Disadvantages: all shallow 
targets are marked; misses 
deeper targets



Disadvantages of Disadvantages of MagMag & Flag& Flag

Photo courtesy of Bob Selfridge, US Army Corps of Engineers – Huntsville Center



Traditional Method: Traditional Method: 
Geophysical SurveysGeophysical Surveys

• Use of geophysics for UXO detection has 
evolved over past 5-10 years

• Surveys are typically: mag, EM-61 and GPR 

• Coupled to a navigation system such as Global 
Positioning System (GPS)

• Detects the ferrous content or electrical 
conductivity properties of buried materials



Benefits of Benefits of 
Geophysical MappingGeophysical Mapping

• Studies show: more effective than “mag & 
flag”

• Improved detection and reduction of false 
positives

• Provides archival records

• Builds a digital map of the anomalies in the 
area being surveyed

• Significant advantages when surveying large 
areas, searching for pits and trenches, and 
areas where items may be buried deeper than 
a hand-held instrument can detect



Designing Geophysical SurveysDesigning Geophysical Surveys

• Understand what you are trying to find (2000 
lb bombs vs. 20 mm shells)

• High sampling density needed to improve 
understanding of source:                                       
- typical sampling interval = 5 - 25 cm                   
- typical line spacing = 0.5 - 1.0 m 

• Choose instruments: mag vs. EM vs. GPR or 
combinations

• Configuration - sensor height, coil separation 
and size, etc.



MagnetometersMagnetometers

Land:
• Scintrex ENVI Mag and 

SMARTMAG
• Geometrics G-858 

Cesium, G-856 Proton
• GEM GSM-19, GSM-19T, 

GSM-8, GSM-9

Marine:
• Geometrics G-880, G-881 

and G-877
• GEM GSM-19M



MagneticsMagnetics at Workat Work

• Object with ferrous content acts as a magnet

• Magnetometer induces a current in the buried 
item which in turn produces it’s own magnetic 
field which is detected by the instrument



Benefits of MagnetometersBenefits of Magnetometers

• sensitivities of <1 nT
• many UXO contain a 

considerable amount of 
ferrous material

• can be used to determine 
the approximate location 
of a ferrous anomaly by 
the field of its dipole 
moment

• size of an object can also 
be determined from the 
size and orientation of 
the induced moment



Electromagnetic InductionElectromagnetic Induction

• Traditionally, only 
Geonics EM-61 used

• Various coil 
configurations (1x1m, 
1x0.5m, 0.5x0.5m, EM-
61 HH)

• EM-61 Mark II (4 time 
gates) and EM-63 now 
being used, as well as 
Zonge NanoTEM
instrument

• EM-31 is sometimes used



EM at WorkEM at Work

• Transmitter generates a pulsed 
primary magnetic field in the 
earth (a time-varying magnetic 
field)

• Detects the secondary magnetic 
field produced by the eddy 
currents induced in the object

• Induces eddy currents in buried 
metallic objects

• Eddy current decay produces a 
secondary magnetic field 
measured by the receiver coil

• By taking the measurement at a 
relatively long time after the 
start of the decay, the current 
induced in the ground has fully 
dissipated and only the current 
in the metal is still producing a 
secondary field

• Responses are recorded and 
displayed by an integrated data 
logger

UXO Item

EM-61

Primary Time-varying 
magnetic field

Secondary 
magnetic field

Transmitter

Receiver



Benefits of EMBenefits of EM--6161

• Time-domain metal 
detector

• Detects both ferrous and 
non-ferrous metals

• Relatively insensitive to 
interference from nearby 
surface metal such as 
fences, buildings, cars, 
etc

• Response is a single, 
sharply defined peak

• Depth of the target can 
usually be estimated 
from the width of the 
response



QA/QC SoftwareQA/QC Software

• Funded by Environmental Security 
Technology Certification Program 
(ESTCP)

• Earlier efforts as a geophysical analysis 
tool set (UHUNTER)

• Directed by CEHNC to coincide with their 
efforts on documenting and 
standardizing QA/QC field procedures



PurposePurpose

• Need poor results based on poor data
• Standardize QA/QC processes within the 

UXO community to:
– Improve data quality
– Improve detection methods

• Provide a software platform for 
algorithm-sharing (focused to 
SERDP/ESTCP efforts)



BenefitsBenefits

• Runs under Geosoft’s free version of 
Oasis montaj

• Helps identify and correct 
instrument/acquisition errors prior to 
demobilization

• Less reworking of areas = cost savings



Quality Control (QC) ModuleQuality Control (QC) Module



Quality Assurance (QA) ModuleQuality Assurance (QA) Module



Completed SoftwareCompleted Software



Survey Planning ToolsSurvey Planning Tools



Survey Planning ToolsSurvey Planning Tools

•• Setup Parameters Setup Parameters stores project info, stores project info, 
including projectionincluding projection

•• Audit log Audit log tracks what has been done tracks what has been done 
to datato data

•• Plan a UXO Survey Plan a UXO Survey prepre--design a UXO design a UXO 
surveysurvey

•• Import Import import data from a variety of import data from a variety of 
instrumentsinstruments



Plan a UXO SurveyPlan a UXO Survey



Survey MapsSurvey Maps



Progress Status ReportProgress Status Report



Data CorrectionsData Corrections



Diurnal VariationsDiurnal Variations

• earth’s magnetic field 
intensity varies naturally 
as the earth rotates in 
the ionosphere (solar 
wind) of the sun

• “diurnal” because the 
variation has a natural 
period of one day

• magnetic storms (from 
sun spots) can shake the 
field by 100's of nT over 
a few minutes



Magnetic StormsMagnetic Storms



Base Station CorrectionBase Station Correction



Lag ProblemsLag Problems

• instrument is being towed 
behind or in front of the data 
logger

• readings need to be shifted 
back over top of where they 
should be

• also introduced into data 
when the instrument is in 
automatic data collection 
mode and operator varies 
their walking speed and/or is 
surveying in mountainous 
terrain



Lag CorrectionLag Correction



Heading ProblemsHeading Problems

• mag sensor position doesn’t always 
point in the same direction during a 
survey

• heading errors due to variable 
positions of sensor, operator, and 
mag console relative to one another 
in the primary magnetic field

• systematic shift in data

• heading problems can introduce 
errors of 1-2 nT in data



Heading CorrectionHeading Correction

• heading problems 
show up as “striping”
on a map 

• take readings in 
different directions 
(N, S, E and W) with 
mag while collecting 
continuous readings

• create a heading 
table



Instrument DriftInstrument Drift

• thermal changes in 
the instrument
throughout the day

• causes sensor drift 

• due to instrument 
electronics heating 
up

• EM-61 can drift 
several mV over 
course of a day

Uncorrected data

Drift-corrected data



Solution: Drift CorrectionSolution: Drift Correction

•• Allow instrument to warm up prior to Allow instrument to warm up prior to 
use; oruse; or

•• Use test line at beginning of day and Use test line at beginning of day and 
end of day; orend of day; or

•• Manually correct lines by examining Manually correct lines by examining 
profiles; orprofiles; or



Drift CorrectionsDrift Corrections



EM Data CorrectionsEM Data Corrections

EM Data CorrectionsEM Data Corrections
•• Import raw Geonics dump files (*.R61)Import raw Geonics dump files (*.R61)
•• Correct line names, directions, start/end stationsCorrect line names, directions, start/end stations
•• Adjust Adjust fiducialfiducial locationslocations
•• Merge survey data with GPS dataMerge survey data with GPS data



EM Data CorrectionsEM Data Corrections



Instrument TestsInstrument Tests



Instrument Height TestInstrument Height Test

•• Task: Instrument Task: Instrument 
Tests Tests 

•• Add statistics to Add statistics to 
height optimization height optimization 
test maptest map



Quality Control TestsQuality Control Tests



Survey StatisticsSurvey Statistics



Quality Assurance ToolsQuality Assurance Tools



Prove Out ResultsProve Out Results

Task: Prove Out MapTask: Prove Out Map
•• Add “bullsAdd “bulls--eye” eye” 

pictorial representation pictorial representation 
to mapsto maps

•• Add target statistics to Add target statistics to 
mapmap



Success To DateSuccess To Date

• QA/QC tools are being used on a variety 
of UXO sites

• CEHNC will compare data collected prior 
to tools being released to verify if data 
quality has improved

• Analysis algorithms are already being 
developed by multiple groups (e.g. 
AETC, ERDC, Zonge)



Contractors Using SoftwareContractors Using Software

•• AETCAETC
•• American Tech. Inc.American Tech. Inc.
•• Apex EnvironmentalApex Environmental
•• BlackhawkBlackhawk
•• Booz, Allen, HamiltonBooz, Allen, Hamilton
•• Dillon Consulting Dillon Consulting 

(Canada)(Canada)
•• Donaldson EnterprisesDonaldson Enterprises
•• Earth TechEarth Tech
•• ECCECC
•• Environmental MappingEnvironmental Mapping
•• Foster WheelerFoster Wheeler

•• GeophexGeophex
•• NAEVA GeophysicsNAEVA Geophysics
•• GG--tektek (Australia)(Australia)
•• ParsonsParsons
•• SAICSAIC
•• Tetra TechTetra Tech
•• UXBUXB
•• Weston SolutionsWeston Solutions
•• Zapata EngineeringZapata Engineering
•• ZongeZonge



Future DevelopmentFuture Development

• MTADS support (with AETC)
• Geophex algorithms
• ECC algorithms
• PNL VSP algorithms
• EM modeling research
• Enhancements/additions
• Preparation for real-time mapping
• Broaden scope for other facets of DoD



Training on QA/QC SoftwareTraining on QA/QC Software

• Huntsville Center will be hosting a 
training session (potentially in 
Huntsville) in October 2003

• All facets of DoD are invited to 
participate

• Other training can be arranged with 
Geosoft at alternate locations



Questions/Feedback?Questions/Feedback?

• Software available upon request.
• Technical support available by Geosoft.
• POC: Geosoft Inc.
• All feedback is appreciated.






